1 mol -1 is abnormally large. The role of the hydrogen bond and the bridging power between the halogen and cadmium atoms upon the formation of the condensed anion structure is discussed.
Introduction
We have studied the influence of the cations on the condensation of the anions in the salts (A')M n Br 4 and (A) 2 M n Br 4 (M = Cd, Zn) by Br NQR and X-ray crystal structure determinations [1] [2] [3] . The role of the hydrogen bonds on the formation of the condensed anion structures is pronounced. In order to confirm this conclusion, we prepared complexes with cations without hydrogen atoms involved in hydrogen bonds or which have other groups hindering the formation of hydrogen bonds. In addition, the bridging power of the halogen ligands is also important for the formation of the complex.
[H 3 N(CH 2 )3NH 3 ]CdX4 (X = Cl, Br) have layered structures [2, 4] , Therefore, we prepared the iodide analogue in order to compare the briding power. During this study the phase transitions of the title compounds were ob-served. We report here the NQR results of these four compounds and the crystal structures of [H 3 N(CH 2 )3 NH 3 ]CdI 4 • 2H 2 0 and [H 3 CNH 2 (CH 2 )3NH 3 ]CdBr4.
Experimental
The title compounds were synthesized from 1,3-propanediamine, N-methyl-l,3-propanediamine, tetramethylammonium bromide, trimethylsulphonium bromide, CdC0 3 , and HI or HBr. The components were mixed in stoichiometric ratio in a solution of HI or HBr at pH < 3. 406 (3) 589 (5) 455 (4) 464 (4) 443 (4) 507 (29) heating rate 2-10 K min 1 with flowing dry N 2 gas at 40 ml min -1 .
Results and Discussion
From the measured intensities, corrected for Lorentz-polarization and absorption factors, the structures were determined by direct methods, Fourier syntheses, and least squares analysis with the programs given in [5] . The 127 I and 8 'Br NQR spectra were recorded by an NQR spectrometer working in the superregenerative mode. DSC was carried out above 130 K with a differential scanning calorimeter DSC220 from Seiko Instruments Inc. under the following conditions: sample weight ca. 10 mg, the 1,3-propanediammonium tetraiodocadmate (II) dihydrate (1) crystallizes at room temperature monoclinic with C 2h -C2/c\ the lattice constants etc. are listed in Table 1 [6], Table 2 lists the positional coordinates, and equivalent isotropic thermal parameters U eq . Intramolecular distances and angles of the anions are given in Table 3 . In Fig. 1 the formula unit is drawn with the numbering of the atoms and the thermal ellipsoids. Table 3 , in consideration of the van der Waals radii of the NH 4 group, the H atom, and the I atom, 160, 120, and 198 pm, respectively [7] , Two N---I hydrogen bonds, N(l)-.-I(l') and N(l)-I(3), and one 0---I hydrogen bond, O(l)-• -1(3'), are formed as shown in Figure 2. Two H 2 0 molecules are also involved in a series of intermolecular hydrogen bonds (see Table 3 ). Especially the H 2 0 (2) molecule is located between two ammonium groups, N (1) H| and N (2) H^ groups, and then H 2 0 (2) is involved in unique hydrogen bonds.
N-methyl-1,3-propanediammonium tetrabromocadmate (2) crystallizes at room temperature orthorhombic D 2 -P2 1 2 1 2 1 ; the lattice constants etc. are listed in Table 1. Figure 3 shows the formula unit with numbering of atoms and thermal ellipsoids. Cd-Br (1) Cd-Br (2) Cd-Br (3) Cd-Br (4) 258. tetrahedron in (2) is isolated with small differences in the cadmium-bromine distances, 257.6 < d(Cd-Br)/pm < 259.3 (mean value 258.6 pm), and the angles in the tetrahedron show small variations, 105.5 < Z(Br-CdBr)/° < 112.4 (mean value 109.5°) as shown in Table 3 . Intramolecular distances and angles in the cations are listed in Table 4 2+ ion as all anti [8] . In Table 3, distances and angles of the N-H --Br hydrogen bonds in (1) are listed in consideration of the van der Waals radii of the NH4 group and the Br atom, 160 pm and 190 pm, respectively [7] . The N (2) H 2 group forms only two hydrogen bonds of N (2) ---Br (2,) and N (2) ---Br (3) because of the hindrance of the C (4) H 3 group. The hydro- N (2)_C (3) C (l) C (2) C (3)_C<4) 145.5(11) 146.7(11) 149.0(11) 147.1 (11) N (1)_ C (1)_C (2) N (2)_C (3)_C (4) C (l) C(2) C (l')
C(3).C(4).C(3')
114.9 (7) 113.7 (7) 150 (2) 153 (2) 154 (2) 148 (2) 148 (2) 
112.9(11) 112.5 (14) 109.0(12) 113.2 (11) gen bonds play an important role in the formation of the complex anions [2] . (2) can not form layered complex anions because of the insufficient number of the hydrogen bonds [1] [2] [3] . The hydrogen network leads to the layer structure on the ac plane which consists of the [CdBr 4 ] 2_ ions and cations as shown in Figure 4 . The •Br ' hydrogen bonds connect these layers. Table 5 . The temperature dependence of 127 I(v!) NQR frequencies is shown in Figure 5 . The first-order phase transition occurs at 245 K. The eight NQR lines in phase II discontinuously change into four NQR lines in phase I at this transition point. The DSC measurement above 130 K shows the phase transition at 245 K on heat- Figure 7 . A second-order phase transition occurs at 271 K, in good agreement with the result of the DTA [9] and X-ray measurements [10] . Three of the four NQR lines disappear below the transition point. The other line continuously changes at the transition point and is observed up to 315 K. This feature of the temperature dependence of the NQR frequencies is very similar to [(CH 3 ) 4 [10] shows that the Cd-Br (1) bond is almost parallel to the c-axis in space group Pmcn. Under the assumption that the [CdBr 4 ] 2~ tetrahedra rotate around the c-axis more easily than around the other axes, the electric field gradient (EFG) at the Br(l) site is little affected, while the EFG's at the 2 " tetrahedron) [14] and L n is also higher than the others even in the low temperature phase [14] . This suggests that the [ZnBr 4 ] 2~ tetrahedron executes rotation with large amplitude around the Zn-Br(l) axis, i.e., nearly along the fl-axis in the crystal space group Pnma. This explanation probably holds in the case of (3), because (3) shows the same ferroelastic transition with Pmcn <-» P2j/c sequence ( Figure 8 . The DSC measurement between 130 K and the melting point of 508 K showed phase transitions at 304 K (the temperature hysteresis was 11 K and AS = 46.8 J K" 1 mol" 1 ) and 501 K on heating, and (4) decomposes at the melting point. The NQR and DSC results suggest that the phase transition at 304 K is of first-order. The considerably large transition entropy suggests that the phase transition at 304 K is accompanied by a large scale disordering of cations and/or anions in the crystal. (2) with a cation in which the methyl group prevents the formation of hydrogen bonds. All of them show the tetrahedral anion structure. In addition, the number of hydrogen bonds of N-• -I in (1) is insufficient, because of the presence of the water molecules. These results suggest that hydrogen bonds play an important role in the formation of the condensed anion structure and that the proper number of hydrogen bonds is necessary for the formation of the perovskite layer structure [1, 2] .
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